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Abstract 
The mechanical velocity selector is a device that can be used as wavelength monochromator for energy-selective 
neutron imaging applications. Its use is desirable in case of moderate wavelength resolution and short exposure times. 
The resulting beam wavelength distribution is, however, not uniform over the imaging field of view. The effect is 
inherent to the use of a velocity selector and generated by the change in incident beam’s horizontal divergence over 
the field of view. In this work, the incident beam wavelength change was characterized thoroughly using wavelength 
scans of iron and vanadium plates and time of flight measurements. Suggestions are made about possible corrections 
and/or exploitation of this phenomenon-. 
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1. Introduction 
Energy-selective neutron imaging is an emerging new discipline within neutron imaging methods. It 
exploits the energy dependence of a material’s cross section, e.g. Bragg edges in polycrystalline 
materials, to generate transmission contrasts that contain (micro)structural information on the sample. A 
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prerequisite for energy-selective neutron imaging is an energy resolving option at the beamline. This can 
either be through time-of-flight at pulsed sources or monochromators at continuous sources. 
Several types of existing monochromators are, either crystal based as the double crystal 
monochromator [1, 2] and TESI device [3], or mechanical as a neutron velocity selector [4]. The first type 
offers relatively high energy resolution (ǻȜ/Ȝ = 2%-5%), making them ideally suitable for investigations 
around the steep Bragg edges, but comes at the price of low count rates and correspondingly long 
exposure times. The neutron velocity selector, on the other hand, has a lower energy resolution (ǻȜ/Ȝ = 
15%), but correspondingly higher neutron flux and consequently higher count rates, making it as the most 
suitable choice for investigating slowly varying energy-dependent effects – e.g. imaging across the Bragg 
cut-off at long wavelengths with low source intensity.  
Several applications benefit from the utilization of neutron velocity selectors which are already 
installed [5] or planned as a beamline upgrade [6].. The velocity selector device has already been 
experimentally characterized in terms of (1) its positive influence on spatial resolution coming from 
additional beam collimation [5], and (2) the determination of central beam divergence by time-of-flight 
measurements [6] as well. 
However, no information on the spectral distribution over the field of view is available but non-
uniformities have clearly been observed. In this work, the spatial and spectral neutron distributions have 
been characterized, along with explanations of their origin and discussion on the implications for imaging 
data analysis. 
2. Experiments 
Three series of measurements were performed to characterize the change in wavelength over the field 
of view when using a neutron velocity selector, the results of which are presented and explained in the 
sections below. The experiments were conducted at the Imaging with Cold Neutrons (ICON) beamline at 
the Paul Scherrer Institut, Switzerland. 
In the first experiment, an energy scan was made of an iron plate measuring 95 mm by 95 mm, with 5 
mm thickness. Images of the sample and open beam were recorded from 2.8 Å to 6.0 Å in steps of 0.1 Å. 
A 100 ȝm thick 6Li scintillator was used in combination with an Andor CCD camera of 1024 x 1024 
pixel. Any shift in the incoming neutron wavelength distribution over the iron plate implies a change in 
the transmitted spectrum which affects the Bragg edge position measured as a function of the velocity 
selector wavelength setting which is calibrated through time of flight measurements for the beam center 
only (averaging over 29mm x 25mm due to 3He counting detector entrance window size). The Bragg edge 
position was determined pixel by pixel by the position of the minimum of the derivative of the measured 
wavelength-dependent cross section. The principle is schematically depicted in Figure 1a. The 
comparison of the physically constant (110) Bragg edge at 4.05Å with the experimental data yields a 
wavelength shift map for this wavelength. 
In a second experiment, the evolution of the wavelength shifts over the field of view is studied for all 
wavelengths in comparison to the 4.05 Å (110 reflection) using the method described above. An energy 
scan was made of a 95 mm x 90 mm x 3 mm vanadium plate. The total cross section of this material 
exhibits no Bragg edge and is monotonously increasing according to a linear function of the wavelength 
(Figure 2b). Thus any difference in incident beam wavelength distribution over the plate results in a 
different transmission wavelength integrated intensity on the detector. Transmission images were 
obtained with the same detector set-up as above for wavelengths from 2.8 Å to 6.0 Å in steps of 0.1 Å. 
In a third experiment, the shift in wavelength over the field of view for a 4 Å velocity selector 
wavelength setting was determined through time-of-flight. A chopper running at 50 Hz was used in 
combination with a 3He counter tube. Its entrance window was 29.2 mm x 25.5 mm and flight path length 
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7098 mm. The monochromatic beam spectrum was measured for five steps of 25.5 mm in the vertical 
direction. The vertical slit entrance window of the chopper does not allow for horizontal stepping. 
 
(a) 
 
 
(b) 
Figure 1. (a) The wavelength shift (ǻȜ) over the field of view is measured by transmission (T) across a 5 mm thick iron plate setting 
a series of velocity selector wavelengths (Ȝ0). (b) Total wavelength-dependent cross-section of vanadium (dark blue line) together 
with simulated beam wavelength distributions at two specific velocity selector frequencies as illustration. 
 
3. Device description 
The mechanical neutron velocity selector available at the ICON beamline is mounted at position 1, 
close to the beam port (see Figure 2) at 2.5 m from the beam entrance aperture. It is a user-friendly device 
mounted on rails to easily slide it in and out of the beam. The wavelength setting is integrated to the 
beamline operating software. All measurements were conducted at position 2, at 7.1 m from the aperture. 
 
 
Figure 2. ICON beamline layout (left) equipped with the mechanical velocity selector (right). 
The relevant velocity selector parameters are listed in Table 1, with turbine blade subtending angle (Į), 
drum length (L), average blade radius (R) and number of lamellae (N).  
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Table 1. Velocity selector parameters at the ICON beamline. 
Į 12.5° 
L 400mm 
R 82.5mm 
N 156 
 
A wavelength change over the field of view is inherent to the use of a neutron velocity selector. The 
wavelength shift is generated by the change in horizontal divergence over the field of view. Following the 
framework suggested by Hammouda [7], the neutron wavelength after beam passage through the velocity 
selector is given by: 
λ = αeff h
Lmnω
 (1) 
αeff =α +γ
L
R
 (2) 
 
where Ȝ is the neutron wavelength after the velocity selector, Ȧ the rotation frequency and Ȗ the horizontal 
divergence (with sign) of the incoming neutron beam with respect to the velocity selector rotation axis. 
The constants h and mn denote Planck’s constant and the neutron mass respectively. For the conducted 
experiments, the maximum horizontal divergence Ȗmax of the incoming neutrons that hit the side of a 100 
mm x 100 mm field of view is approximately 0.4°. The 4.05 Å neutron wavelength in the center of the 
beam is obtained by setting a velocity selector frequency of 84 Hz, detemined from previous velocity 
selector calibration through time of flight with chopper and 3He counter installed at the beamline. Using 
the parameter values listed in Table 1 it is possible to calculate the horizontal wavelength shift which 
turns to be 1.3 Å over the field of view. 
4.  Results and discussion 
A map of the wavelength deviation ǻȜ over the field of view with respect to the velocity selector’s 
calibrated wavelengths at the beam center is given in Error! Reference source not found.a. For each 
pixel, the transmission intensity across the iron plate versus the set wavelength was recorded, and the 
measured wavelength setting for the (110) Bragg edge was determined and compared to the known real 
physical value of 4.05 Å to get the shift map. In summary, a shift in incident wavelength over the field of 
view is observed to be 1.3 Å over 95 mm horizontally and 0.5 Å over 95 mm vertically.  
Experimental data are in good agreement with estimated values in the previous section. However, 
assuming a symmetrical horizontal divergence Ȗ, the above formalism does not provide any explanation 
for the diagonal trend observed in the shift map. Preliminary McStas [8] simulations incorporating full 
beamline geometry indicate that such a shift might be due to a misalignment of about 1° of the velocity 
selector and its shielding with respect to the incident beam. More precise realignment can thus change the 
pattern of the wavelength shift map, though it will also shift the value of the shortest wavelength that can 
be obtained with the velocity selector as its maximum rotation frequency is limited. 
 
The wavelength shift over the field of view was determined from the vanadium plate energy scan, 
setting different wavelength values. As vanadium macroscopic cross-section is a monotonous linear 
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increasing function of the neutron wavelength, the measured transmission over the plate can be directly 
related to the incident beam wavelength. A correction for neutron scattering contributions was 
preliminarily made by comparing a vanadium transmission image at 4.05 Å to the iron plate shift map; 
the latter being based on the measurement of the Bragg edge position so that the influence of scattering 
can be negliged. As the scattering cross-section for vanadium is approximately constant over the energy 
range under investigation, 2.8 Å-6 Å, the single calibration at 4.05 Å can be applied to the whole set of 
data.  
As an illustration, the wavelength shift over the field of view at 6 Å is shown in Error! Reference 
source not found.b. In comparison with the data of the iron plate, the higher noise levels are caused by a 
larger sensitivity to noise in original transmission data and by additional contribution of the Bragg edge 
based shift map noise induced by the calibration method.   
 
(a) (b) 
Figure 3. (a) Wavelength shift map at 4.05 Å determined from the Fe Bragg edge measurements and (b) wavelength shift map at 6 Å 
determined from the vanadium plate measurement. 
Exploiting equations (1) and (2), it is possible to derive the relation between the wavelength shift map 
ǻȜ1 and its calibrated beam center wavelength Ȝ1, 
 
Δλ1
λ1
=
γL
αR
 . (3) 
The right side of the equation is constant at each position over the field of view, so that , once a single 
shift map ǻȜ0 at  Ȝ0 is determined, it is possible to derive it for any other wavelength setting: 
Δλ1
λ1
=
Δλ0
λ0
 , (4) 
Figure 4 plots ǻȜ/Ȝ of vanadium at two extreme positions of the field of view scanned over the whole 
2.8 Å-6.0 Å wavelength range. The positions are the top left and bottom right corner (see Error! 
Reference source not found.), since they exhibit the largest negative and positive shifts respectively, 
illustrating equation (4). Uncertainty bars denote the standard deviation on the data obtained as a 10 x 10 
pixel average and is largely due to noise. Thus, it suffices to measure the wavelength shift map over the 
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field of view only once, e.g. with the Bragg edge method, and derive it for all wavelengths through 
pixelwise evaluation of equation (4).  
 
 
Figure 4. ǻȜ/Ȝ at top left and bottom right position for the vanadium plate wavelength scan as given in Error! Reference source 
not found.. 
 
Finally, the wavelength shift in the vertical direction was measured with time-of-flight. Results are 
summarized in Table 2, together with the results of the iron Bragg edge based method, averaged over the 
time of flight window for direct comparison.  
 
Table 2. Vertical wavelength shift measurement determined through time of flight, compared to results obtained through iron Bragg 
edge measurement. 
Vertical position Time of flight Fe Bragg edge based 
35.4 mm 0.21 Å 0.20 Å 
17.7 mm 0.10 Å 0.08 Å 
0 mm -0.03 Å -0.03 Å 
-17.7 mm -0.17 Å -0.14 Å 
35.4 mm -0.24 Å -0.23 Å 
 
5. Conclusion and Outlook 
The variability in the incident neutron beam wavelength distribution over the field of view, related to 
using a mechanical velocity selector monochromator was determined by the combination of three 
different experiments. A difference in measured Bragg edge position of an iron plate resulted in a 
wavelength shift map at 4.05 Å. Time of flight measurements confirmed the result. A wavelength scan of 
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a vanadium plate demonstrated that from one wavelength shift map, it is possible to extrapolate the maps 
for other beam center selected wavelengths. 
The knowledge of the shift map is the first crucial step towards correcting energy-selective 
radiographies and tomographies of large objects experiencing different incident beam wavelengths over 
the full sample. For small samples and fields of view (~ 15 mm x 15 mm), as are typical in high-
resolution tomography, the wavelength change can be ignored. 
Alternatively, the different incident beam wavelength over the field of view can also be exploited to 
make short wavelength scans by simply translating the sample over the field of view. A clear advantage 
of this method is the need of one open beam image only to calculate wavelength-dependent transmission, 
instead of taking one at every velocity selector wavelength setting, effectively increasing the wavelength 
scan speed. 
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